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Project Overview: The Goal –Project Overview:  The Goal 
A Cooperative Humanoid

Vision and Language for action understanding
Composition of action/language primitives for p g g p
spoken language programming
Vision, action and language
Shared Intentions
Situtated simulations for embodied cognitiong



Grounded SentenceGrounded Sentence 
Learning

Training corpus:Training corpus:
~300 sentence-scene pairs generated
10 Construction types

Active dative passive relativeActive, dative, passive, relative ….
“Developmental” Learning 
Trajectory

Simple SVO structure with fullSimple SVO structure with full 
vocabulary
Then add datives, passives and 
relatives

Why?
Learning new constructions requires 
that the constituent open class words 
are well-known so the appropriateare well known so the appropriate 
mappings can be established

Dominey (2003) CogSci, Dominey, Boucher (2005) 
Artificial Intelligence



Spoken p
Language for 
ComposingComposing 

primitives into 
behaviorsbehaviors 

Part of Joint Robotics Laboratory project, CNRS LAAS Toulouse, 
Dominey, Mallet, Yoshida (2007) IEEE Int. Conf. Robotics & Automation 2007



Teaching a 
Generalized Sensorimotor Behavior

Give me the green legg g
Training with one example 

Green is passed as an argument 
to TAKE
Learned procedure generalizesLearned procedure generalizes 
over  (yellow, rose, green, orange)
Powerful learning capability with 
procedures that take variables

Embodiment of lexical categoriesEmbodiment of lexical categories
Verbs – procedures
Nouns – arguments

Requires more sophisticated skills
Vision
Inverse kinematics

Part of Joint Robotics Laboratory project, CNRS LAAS Toulouse, 
Dominey, Mallet, Yoshida (2007) IEEE Int. Conf. On Humanoid Robotics





Automatic Learning, andAutomatic Learning, and 
Anticipation

On-line Learning of 
complex cooperative 
beha ior iabehavior via 
continuous interaction 
history monitoring
Yeilds Aniticpation for

Speech recognition
Action propositionsAction propositions
Action Inititiatve taking

Dominey, Metta, Nori, Natale (2008) IEEE Int. Conf. On Humanoid Robotics



Shared Intentions & SituatedShared Intentions & Situated 
Simulations

Tomasello et al.  Behavioral and Brain Sciences, 2005



Implementing Shared PlansImplementing Shared Plans



Sit t d Si l ti A hit tSituated Simulation Architecture





Spikenet Vision
http://www.spikenet-technology.com/









SSM d LSSM and Language

Perform experiments to demonstrate the 
usefulness of the SSM that cannot be provided 
by a purely propositional system. For example,by a purely propositional system. For example, 
in the table scenario, the SSM should allow the 
robot to (a) reconstruct visuospatial perceptual 
scenes from memory and answer questionsscenes from memory and answer questions 
about them (extending Roy 2004, Mavridis & 
Roy 2006), and (b) to use the SSM to predict 
and simulate future events to determine if aand simulate future events to determine if a 
specific plan is feasible or not, interacting with 
the operator via spoken language. 



SSM d M iSSM and Meaning

We will enhance the baseline shared planning capability 
to further exploit the SSM in order to associate the action 
outcomes (state changes) to the unfolding shared planoutcomes (state changes) to the unfolding shared plan 
(Gorniak & Roy 2007, Boucher 2006ab).  This will 
provide a form of “meaning” including a true shared goal, 
allowing the robot to help the user in novel situationsallowing the robot to help the user in novel situations 
(Warneken 2006a,b) based on knowledge of the goal.  
We will likewise address how temporal, spatial and 
causal structure can be extracted from Situatedcausal structure can be extracted from Situated 
Simulations (Mavridis & Roy 2006). 



Th S i tifi TThe  Scientific Team
INSERM Team

Peter Ford Dominey
Michel Hoen
Carrol Madden
Jocelyne Ventre-Dominey
Jean-David Boucher

External Collaborators:
Felix Warneken Researcher Max Planck Institute for Evolutionary AnthropologyFelix Warneken, Researcher, Max Planck Institute for Evolutionary Anthropology 
– Development of Shared Intentions
Rolf Zwaan, Professor, Erasmus University - Embodied Cognition, Situated 
Simulation, Language

External Advisors:
Lawrence W. Barsalou, Professor, Emory University – Embodied Cognition and 
Situated Simulation
Deb Roy, Professor, MIT – Cognitive Robotics, Robotic Mental Imagery 



FP7 ICT Project ‘Cooperative Human 
Robot Interaction Systems’ CHRISy

Post Doc and PhD
French FP7French FP7



Human-Robot Cooperation is a p
difficult problem – how can we 
address it?address it?

Look to the 
experts – humans
Look at the brain



What Can the Brain tell us about Human-Robot 
Interaction?

Word Meaning (BA45)
Structural Mapping (BA44)

Human sentence processing
fMRI Study

(Dominey, Hoen, Inu, Journal of Cognitive Neuroscience 2006
Dominey, Inui, Hoen, Brain and Language 2008)

(Hoen, Dominey et al. Cortex, 2006)

y



What the brain (and humans) can tellWhat the brain (and humans) can tell 
us about human-robot interaction

Language allows
The specification of procedure calls with argumentsThe specification of procedure calls, with arguments –
it is a link to action

“You give John the leg” is mapped onto the command:
Gi e(Robot John leg)Give(Robot, John, leg)

‘Meta’ control of the interaction
Learn a new behavior!
Wait for my signal!
Let’s change roles!
…

A Shared-Joint representation of the collaborative 
work between human and robot is central



A Theoretical Context:A Theoretical Context:
The Robot Apprentice

The robot should 
have:

Some Basic Skills
Ability to Learn from 
the Expertp
Ability to use 
language to guide 
action, including g
learning
Notion of Shared 
Plans

Table B ilding ScenarioTable-Building Scenario



L L dLessons Learned

Good news

Bad news
Sequences are ‘rigid’ 
No perception involved

Small set of primitives 
Works for assembly

No perception involved
Does not generalize

Generalizes to 
disassembly!

What next?
What is generalization?
O tiAllows human and 

robot to interact
Operation over an 
‘equivalance class’

Learn with one example of 
h lthe class

Extend to all member



L L dLessons Learned
Good news

Perception over a class of 
objects

Bad news
Learning is not automatic

j
Allows generaliztion to 
objects in that class What next?

Autonomous learning
More complex 
grammatical 
constructions

g
Different levels of 
knowledge application

Action(agent, object, 
recipient)



L L dLessons Learned

Good news
Autonomous

Bad news
Robot does not 
“k ” h t t blAutonomous 

learning
Fluid interaction

“know” what a table 
is.  It does not know 
about the goalFluid interaction about the goal 

What next?
Introduce meaning as 
“situated simulations”



Wh t d ?What can we do now?

Thanks
Questions?Questions?
Collaborations?



F t tiFuture cooperation

Working to develop a platform 
independant interaction capabilityp p y
Define primitives
Compose into complex behaviorsCompose into complex behaviors
Robot takes different levels initiative
Use language as action



L A tiLanguage as Action

A Language/Action Perspective on the 
Design of Cooperative Workg p
Terry Winograd
people act through languagepeople act through language


